The technique of feeding a microstrip antenna with a microstrip line through an aperture is gathering a lot of interest in communication and radar systems used for defence applications. This is due to the fact that this feeding technique has many adjustable parameters in the form of aperture length, width, and stub parameters. This paper presents a study on the effect of aperture dimensions and stub length on the voltage-standing wave ratio bandwidth of an aperturecoupled microstrip antenna. Without any additional matching network, optimal impedance matching of the antenna has been achieved using genetic algorithm. In the algorithm, each chromosome consists of three binary encoded genes, one for aperture length, second one for aperture width and the last one for stub length. Finally, the algorithm determines the parameters of the antenna that provides the minimum value of the average reflection coefficient. The investigation is made at different microwave frequency ranges and it extends up to Ku band. The results show that the percentage of fractional bandwidth improves for higher design frequencies and has a maximum of 13.2 per cent for centre frequency of 17.5 GHz. Experimental results are presented for a particular range of frequency and the accuracy of the analysis is briefly discussed.
INTRODUCTION
An aperture-coupled microstrip antenna is used when a higher-impedance bandwidth is desired'. However, it is not capable of offering a very highimpedance bandwidth, owing to the fact that the small-coupling aperture limits the antenna substrate thickness that may be used. By using a thick-antenna substrate, a bandwidth of 20-25 per cent can be Revised 24 November 2004 achieved2T3. But because of the thick-antenna substrate, a larger-slot is needed to obtain the necessary coupling, resulting in a higher level of back radiation. In this paper, the effect of aperture dimensions and stub length on the voltage-standing wave ratio (VSWR) bandwidth of the microstrip antenna is considered without using a thick-antenna substrate. With the help of genetic algorithm, an optimal solution is found.
THEORETICAL PROCEDURE
where J,,(.) is the zeroth-order Bessel function and An aperture-coupled rectangular microstrip antenna is shown in Fig. 1 . The transmission-line model and the cavity model are approximate models often used to design and analyse the antenna. These models are chosen to avoid the computational complexities of full-wave analysis which hardly affects the accuracy4. The coupling of the patch to the aperture is described by an impedance transformer of turns ratio n, roughly equal to the fraction of patch current intercepted by the slot to the total patch current'. The patch impedance is determined at the centre of the slot and its value can be obtained from the simple transmission-line model. The input impedance of the antenna at the centre of the slot is given by Here W, qe,,,, P,,,, Zo,,, are the width, effective permittivity, phase constant, and characteristic impedance of the microstrip line and Wa, &res, p,, ZOS are the same parameters for the slot line, respectively. YP,l,h is the patch impedance determined at the centre of the slot with the help of the simple transmissionline model. The aperture susceptance YUP can again be obtained from the transmission-line model of a shorted slot and is given by
where YOS is equal to l/ZOS.
where n2 is the turns ratio of the transformer used to describe the coupling of the patch to the microstrip line and is given by
GENETIC ALGORITHM-BASED OPTIMISATION FOR IMPEDANCE BANDWIDTH n* = (.I, qw2)J, (SimWa12) / es*+ a*, ) [ ( 8m2k2~rfi(k2~rfcos k,h -sin k,h) )
Concepts of genetic algorithm are applied to study the effect of aperture dimensions and stub length on the voltage-standing wave ratio bandwidth of a simple microstrip patch antenna6. Each chromosome consists of three binary encoded genes: One for aperture length, second one for aperture width, and the last one for stub length. For each range of frequency, the patch has been designed using standard design equations 5 which determines its length and width. Hence, aspect ratio of the patch has not been included in the parameter set for genetic algorithm optimisation. Initial process starts with 20 randomly-generated chromosomes to form the initial population. Each gene is binary encoded with 8 bits. Crossover and mutation are performed on the randomly-generated chromosomes based on certain predetermined probabilities to form the next -generation. This procedure is repeated a number of times and the best chromosome evolves through generations, which is chosen based on a fitness function. The fitness function is: where summation is taken over the entire frequency range and 2, is the characteristics impedance of the line. During decoding of genes, the maximum values chosen for the parameters are:
Maximum value of aperture length = b, maximum value of aperture width = a/10, maximum value of stub length = hg/ 2, where a is the length of the patch, b is the width of the patch, and hg is the guide wavelength. Antenna and line substrate parameters are shown in Table 1 . Table 2 gives the optimised values for aperture dimensions, stub length, and the percentage of fractional VSWR bandwidth for different ranges of frequency obtained theoretically. It is seen from the results that the analysis gives better optimal results for higher frequencies. The 2:l VSWR bandwidth obtained is maximum (13.2%) for a centre frequency of 17.5 GHz. Figure 2(a) gives the measured reflection coefficient plot for an antenna designed at 9.5 GHz and matched optimally using the results derived in Table 1 . The measured result shows that the frequency, at which the reflection coefficient is minimum, is somewhat different from the design frequency of the patch. This shift may be due to fabrication tolerance. Figure 2(b) gives the radiation pattern for the same antenna measured at 9.8 GHz. Considering the fact that the radiation
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CONCLUSIONS pattern has got little variation over the entire band
The results obtained show that the application of operation', this has not been repeated at other of genetic algorithm for impedance matching of frequencies. The plots imply that a good amount aperture-coupled microstrip antennas is quite promising. of matching has been obtained without deteriorating From the results obtained for different ranges of the radiation pattern.
frequencies, it can be concluded that with suitable 
